The liver cells were cultured in the presence of ginger extract at various concentrations (0-1 mg /ml) for 24 h and the cells viability and proliferation rate were evaluated by MTS and BrdU assays, while apoptosis was evaluated by colorimetric determination of caspase 8 and 3 activities. Ginger extract exhibited a dose dependent inhibition of viability and proliferation of WRL-68, HLE and HepG2 cells with IC50 of 569.69 ± 7.99 µg/ml, 389.71 ± 26.56 µg/ml and 358.71 ± 17.12 µg/ml respectively. Ginger extract induced apoptosis through activation of caspase-8 and 3 in a dose dependent pattern for all cells at concentration ranging from 0-500 g/ml. We found that antiproliferative effect of ginger extract could be associated with induction of apoptosis as shown by increased activities of caspase 8 and 3.The results from this study suggest that ginger extract has chemopreventive properties against hepatoma cells HepG2 and HLE by inhibiting cellular proliferation and inducing apoptosis.
INTRODUCTION
Hepatocellular carcinoma (hepatoma or HCC) is one of the most common cancers in the world with an annual incidence of approximately 1 million deaths, mainly in underdeveloped and developing countries (Feo et al., 2006: Thorgeirsson and Grisham, 2002) . The major risk factors for HCC are chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV), cigarette smoking, heavy alcohol consumption and dietary exposures to the food contaminants such as aflatoxin (Wild and Hall, 2000) .Recent studies have linked oxidative stress and chronic inflammation with an increased risk of cancer. It is hypothesized that oxidative stress and the generation of reactive oxygen species (ROS) or reactive nitrogen species (RNS) can cause mutations in cancer related genes or alter the function of important proteins regulating DNA repair, cell cycle and apoptosis (Wang et al., 2004 ). An imbalance between cytoproliferation and apoptosis may be relevant in liver carcinogenesis. Cell proliferation and apoptosis are highly regulated processes aimed at maintaining homeostasis in multi cellular organisms and which, when altered may be directly involved in the process of carcinogenesis in the liver (Farinati et al., 2001) .
The use of herbal medicines in the treatment of cancer has increased over the last decade (Issa et al., 2006) . Chemoprevention is the use of small molecules, including dietary or herbal chemicals to prevent diseases as opposed to chemotherapeutics where chemicals mostly synthetic are used to remove or alleviate the symptoms of disease (Gosslau and Chen, 2004 ).
*Corresponding author email : ianshr2001@yahoo.com, Ginger (Zingiber officinale Roscoe) is used worldwide as a cooking spice, condiment and herbal remedy.The major active ingredients in ginger with antioxidant properties are gingerol, shogaol, paradol, gingeol and zingerone (Tjendraputra et al., 2001; Chrubasik et al., 2005; Bhattacharjee, 2000) . Ginger's extract has a variety of medicinal effects: analgesic, sedative, antipyretic, and antibacterial properties in in vitro and in vivo studies (Mascolo et al., 1989) . Gingerol and paradol have inhibitory effects on the viability and DNA synthesis of human leukemia cells Surh and Lee, 1998) . In human erythrocyte membranes, ginger extracts inhibited lipid peroxidation (Sujatha and Srinivas, 1995) .
One of the attractive strategies considered in current cancer prevention or therapy is to induce death of preneoplastic or malignant cells through apoptosis . There are accumulated evidence that certain phytochemicals present in medicinal herbs and dietary plants exert antitumorigenic activity by inducing apoptosis in cancer cells (Lee et al., 2004; Keum et al., 2002; Tong et al., 2004; Hsu et al., 2004; Bold et al., 1997) . Caspase 3 and 8 activities are good indication of cells undergoing apoptosis since these enzymes are involved in the cells signaling pathways that lead to apoptosis (Hsu et al., 2004) . The activation of caspase is known to play a pivotal role in the initiation and execution of apoptosis induced by various stimuli. When cells are undergoing apoptosis, executioner caspase-3 triggers cellular proteins and DNA fragmentation factor, resulting in the characteristic changes of apoptosis (Keum et al., 2002; Tong et al., 2004; Hsu et al., 2004; Bold et al., 1997) . The objective of this study is to determine the anti-cancer effect of ginger extracts (Zingiber officinale) by examining cytotoxicity activity, proliferation and apoptotic properties of the extract on liver cancer cells, HepG2 and HLE.
METHODS

Ginger extract
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Cell viability
HepG2 and WRL-68 cells at a density of 2x10 4 cells/ml were plated in 96 well microtiter plates. After 24 h of incubation to allow for cell attachment, the cells were treated with 100 l of varying concentrations of ginger extract (5, 10, 50, 100, 200, 500 and 1000 g/ml) in complex medium and incubated again for 24 h at 37 0 C under 5% CO 2 . Three hours after the addition of MTS solution, the amount of formazan formed was measured spectrophotometrically at 490 nm with microplate reader Versamax-Molecular, Devices B-02865. Fifty percent inhibitory concentration (IC 50 ) of ginger extract in HLE, HepG2 and WRL-68 cells were calculated from triplicate wells.
Cell Proliferation
Cellular proliferation of HepG2 and WRL-68 cells were measured using BrdU kit (Roche Diagnostics, Germany). HepG2 and WRL-68 cells were seeded into 96 well plates at a concentration of 2x10 4 cells/ml in EMEM while HLE in DMEM with 10% FBS. Cells were incubated with various dilutions of ginger extract in a 96-well plates at a final volume of 100 l /well for 24 h in a humidified atmosphere at 37 0 C. 10 l of BrdU labeling solution were added in cells and incubated for another 24h at 37 0 C. 100 l/well anti-BrdU-POD working solution was added and incubated for 90 min at 25 0 C. After final rinsing, 100 l/well substrate solution was added and incubated at 25 0 C until color development was sufficient for photometric detection. Using ELISA reader (Versamax-Molecular, Devices.B-02865) at 450 nm (reference wavelength; 690 nm).
Activity of Caspase-8 and 3
The assays were performed according to the manufacturer's instruction after a 24 h incubation with ginger extracts. Briefly, for each reaction 2x10 6 cells were lysed and incubated with the provided colorimetric substrates [N-acetyl-ile-gluthr-asp (Ac-IETD)-p-nitroaniline for caspase 8 and N-Acetyl-asp-glu-val-asp (Ac-DEVD)-pnitroaniline for caspase 3] at 37 0 C for 2 h. These substrates are cleaved by activated caspase 8/caspase 3 to yield a colour product with an emission wavelength of 405 nm. Results are expressed as the percent change of the activity compared to the untreated control.
Statistical Analysis
Statistically significant differences were assessed using the Student's t test.
RESULTS AND DISCUSSION
Ginger extract of Zingiber officinale reduced viability of all cells (WRL-68, HLE and HepG2) significantly (p<0.01), after 24 h treatment at concentrations ranging from 0-1mg/ml (figure 1). A decrease in cells viability can be interpreted as the cytotoxic effects of ginger extract on cancer cells. The extract is not toxic to normal cell line (WRL-68) since it needed a higher amount of the extract to inhibit 50% of its viability (IC 50 ), 569.69 ± 7.99 µg/ml, as compared to 389.71 ± 26.56 µg/ml for HLE and 358.71 ± 17.12 µg/ml for HepG2. Normal cells did not show any sign of necrotic cells due to the effect of ginger extract as seen in the microscope. Ginger extract of Zingiber officinale inhibited proliferation of hepatoma cells HLE and HepG2 significantly (p<0.01), after 24 h treatment in a dose dependent manner (figure 2). Ginger extract at 200, 500 and 1000 g/ml inhibited proliferation of HLE cells by 62%, 47% and 40% respectively and HepG2 cells proliferation by 67%, 59% and 42% respectively. This shows the high anti-cancer activity of ginger extract since as low as 200 g/ml was able to inhibit more that 50% of both hepatoma cells. Apoptosis as measured by caspase-8 and 3 activities was maximal at ginger extract concentration ranging between 250-500 g/ml (corresponding to IC 50 values) for all cell lines tested with HLE cells exhibiting the highest caspase-8 and 3 activities at 500 g/ml/ ( figure 3 and figure 4). Caspase-8 activation which is involved in apoptosis process, can initiate two pathways leading to the activation of downstream caspases such as caspase-3, -6 and -7 by direct cleavage (Budihardjo et al., 1999) . 
CONCLUSION
Our results suggest that ethanolic extracts of Zingiber officinale exhibited anti-cancer effects by inhibiting proliferation of hepatoma cells (HepG2 and HLE) and inducing apoptosis via activation of caspase 8 and caspase 3 activities.
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